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REFERENCE TO RELATED APPLICATIONS 

This application is a continuation in part application of U.S. application 10/389,626 
filed March 14, 2003 entitled DISPOSABLE CHROMATOGRAPHIC COLUMNS, which is 
a divisional application of U.S. application 09/920,124 filed August 1, 2001 entitled 
DISPOSABLE CHROMATOGRAPHIC COLUMNS, now U.S. Patent 6,565,745. 

BACKGROUND OF THE INVENTION 

This invention relates to chromatography and more specifically to chromatographic 
columns, methods of making chromatographic columns and methods of using 
chromatographic columns. 

The use of chromatographic columns for the analysis and separation of substances 
from mixtures has long been known. One type of such column is a disposable column 
intended for limited use and accordingly manufactured with economy in mind. 

One prior art disposable column has been available in commerce for a substantial 
period of time. It is manufactured of inexpensive plastics and designed to be easily 
assembled by filling the body of the column with the desired packing and then welding the 
open end or ends closed. The prior art chromatographic column has the disadvantage of 
being more costly then desirable to assemble and being more subject to leaks under 
pressure then desirable. 



SUMMARY OF THE INVENTION 

Accordingly, it is an object of the invention to provide a novel chromatographic 
column. 

It is a further object of the invention to provide a novel method of manufacturing and 
using a chromatographic column. 

It is a still further object of the invention to provide a novel chromatographic column 
that can be filled through an open end and then the open end closed with simple linear 
motion or combined linear engagement followed by rotary motion and then linear 
disengagement motion . 

It is a still further object of the invention to provide a novel chromatographic column 
with a snap-on end. 

It is a still further object of the invention to provide a novel chromatographic column 
with a spin welded end. 

It is a still further object of the invention to provide a novel inexpensive disposable 
chromatographic column. 

It is a still further object of the invention to provide a novel inexpensive 
chromatographic column with fluid distributing means formed integrally with one or both 
end members of the column. 

In accordance with the above and further objects of the invention, a 
chromatographic column is formed of a relatively inexpensive material, filled with the 
desired packing material and then closed at one end, forming a seal that can withstand 
substantial pressure. In one embodiment, the end is applied with relatively simple 



substantially linear motion or linear motion to engage the end member and disengage the 
end member with rotary motion between the engagement and disengagement so as to be 
capable of being implemented in an automated fashion. A simple linear motion is used 
with a cap that snaps in place to provide an adequate seal against internal pressures and 
a linear motion for a machine member to engage the end member for rotating until a spin 
welded connection is made by friction followed by linear disengaging motion. 

For this purpose, the column is formed of an inexpensive plastic with the tubular 
body portion and one end with one port being molded as a single piece. A snap-on end 
piece or an end piece with ridges for grasping with linear motion is also molded as a single 
piece with a port as an integrally molded part of it and snapped onto or spin welded onto 
the tubular body portion. The snap on embodiment provides an interference fit adequate 
to resist leaks at a value above the rated value of the column. Preferably one of the end 
piece and the open end of the body of the column has snap members that engage detents 
on the other of the open end of the body and the end piece to hold the two together with 
adequate force about a tapered connection to form an adequate seal to resist the pressure 
built up on the column during use. The number of snaps and dimensions are selected to 
permit the appropriate inexpensive plastic to withstand the stress in use. In the preferred 
embodiment, the column is made substantially of polypropylene because it is inexpensive 
and sufficiently inert to withstand usage with normal solvents for a limited number of uses. 

In molding the snap-on end and in molding the body a plurality of cantilever 
members are molded onto one of the body and the snap-on end and a plurality of detents 
are molded onto the other of the body and snap-on end. The number of detents and 



cantilever members are selected to maintain the combined bending stress of the cantilever 
members being bent outwardly over the catch and the tensile stress below the failure of 
the material comprising the cantilever members. The thickness of the material, the area 
connected the cantilever members to the rest of the end piece and the type of material are 
selected in conjunction with the height of the detent necessary to hold the cantilevers with 
the necessary force for an interference fit without excessively bending the cantilever 
members while being moved over the detents. 

One or both end members have fluid distributing means molded into them for more 
even flow of fluid through the packing material. In the preferred embodiment, the fluid 
distributing means are channels in the inlet and outlet end members that open toward the 
packing material and communicates with the inlet and outlet ports to more evenly distribute 
fluids. 

From the above description, it can be understood that the method and apparatus 
of this invention has several advantages, such as: (1 ) it is economical in terms of its 
fabricating materials; (2) it is inexpensive to assemble; (3) it can be assembled readily in 
an automated process; and (4) it can be easily formed of relatively inexpensive materials. 

SUMMARY OF THE DRAWINGS 

The above noted and further features of the invention will be better understood from 
the following detailed description when considered with reference to the accompanying 
drawings in which: 

FIG. 1 is a perspective view of a column in accordance with the invention; 
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FIG. 2 is an exploded perspective view of the column of FIG. 1 viewed from another 

angle; 

FIG. 3 is a longitudinal sectional view of the column of FIG. 1; 

FIG. 4 is a side elevational view partly broken away in sections of the column of FIG. 

1; 

FIG. 5 is a perspective view of a cantilever assembly forming a portion of a snap-fit 
assembly for the column of FIG. 1 ; 

FIG. 6 is a cross-sectional view of the cantilever assembly of FIG. 5; 

FIG. 7 is an enlarged, fragmentary, sectional view of an end portion of the column 
showing an interference fit between the end portion and the tubular wall of the column; 

FIG. 8 is a block diagram of a chromatographic system in accordance with the 
embodiment of the invention; 

FIG. 9 is a block diagram of a process of assembling a column in accordance with 
an embodiment of the invention; 

FIG. 10 is a block diagram of a process of using a column in accordance with an 
embodiment of the invention; 

FIG. 1 1 is an elevational side view of another embodiment of column in accordance 
with the invention; and 

FIG. 12 is an exploded perspective view of the column of FIG. 11 viewed from 
another angle. 



DESCRIPTION OF PREFERRED EMBODIMENTS 

In FIG. 1 , there is shown a column 1 0 having a column body 1 2, an inlet end 14 and 
an outlet end 16 with the direction of flow of fluid being from the inlet end through packing 
material 58 (FIG. 3) in the tubular column body 12 and out of the outlet end 16 in that 
order. The inlet end 14 includes a plurality of radially extending inlet channels 18A-18H, 
a base plate or end portion 19 and an inlet port 22. The column body 12 has a side wall 
portion integrally molded with a first end and has a second molded open end with outlet 
and inlet ports molded in end members. At least one of the first and second ends have 
channels molded in them. The inlet port includes a female luer connection partly threaded 
at 54 to connect to a source of fluid through a connector which in some embodiments may 
be spring-biased (not shown in FIG. 1 ) and extends as a hollow cylindrical tube through 
the center of the base plate 19 where it communicates with the inlet channels 18A-18H. 
The inlet port 22 does not require the use of wrenches or other tools to connect it to the 
source of fluid. While in the above description, the inlet end (first end) is integrally molded 
with the column side wall and the outlet (second end) either end can be the integrally 
molded end and the other end the separately molded end. 

The inlet channels 18A-18H are formed in the base plate or end portion 19 and 
open toward the packing material 58 (not shown in FIG. 1) that fills the column body 12. 
The inlet channels 18A-18H extend radially from the inlet port 22 to the circumference of 
the base plate or end portion 1 9 and are angularly equally spaced from each other for the 
dispersion of fluid across the cross-section of packing material 58 within the column body 
12 for more even flow through the packing material 58 within the column body 12 toward 



the outlet end 1 6. However, the inlet channels 1 8A-1 8H are not necessary for the proper 
operation of the column 10 nor to obtain the benefits of low cost and leak free operation. 

The outlet end 16 includes a plurality of circumferentially-spaced detents 38A-38L 
(detents 38A-38G being shown in FIG. 1 ) and a plurality of circumferentially-spaced guide 
posts 39A-39F (39A and 39B being shown in FIG. 1) formed on the end of the column 
body 12 and cooperating with a plurality of cantilever members 42A-42L (42B-42F being 
shown in FIG. 1) to hold the cantilever assembly 20 in place on the outlet end 16. The 
outlet end 16 is closed by the snap-on cantilever assembly 20 and held firmly in place by 
detents 38A-38L (38A-38G being shown in FIG. 1) with a sealing relationship with the aid 
of the column body 12. 

To bend the cantilever members 42A-42L and hold them in place, the radially 
extending detents 38A-38L extend outwardly from the outer wall of the column body 12 
with which they are integrally formed and are circumferentially spaced from each other at 
equal intervals and positioned to be received by openings in the cantilever members 42A- 
42L when the cantilever members have been moved inwardly on the wall of the column 
body 12 a sufficient distance to a tapered rim of the walls (not shown in FIG. 1) so a 
matching portion of the ends of the cantilever members 42A-42L of the snap on cantilever 
assembly 20 have an interference fit with the tapered rim of the walls of the column body 
12. They are positioned inwardly from the edge of the column body 12 a distance that 
cooperates with the snap-on cantilever assembly 20 to maintain an interference fit that 
seals against the escape of fluid except through the outlet port 56 (not shown in FIG. 1). 



One of more guide posts 39A-39F (39A and 39B being shown in FIG. 1) are also 
molded on the column body 12 aligned in the same circumferential ring with the detents 
38A-38L to aid in aligning the detents with the cooperating cantilever members 42A-42L 
of the snap-on cantilever assembly 20. The guide posts 39A-39F only fit between the 
cantilever members 42A-42L, and being located between detents 38A-38L, insure that the 
detents and cantilever members are in contact. They are at least equal in height to the 
detents 38A-38L. In the preferred embodiment the detents 38A-38L and guide posts are 
approximately .15 inches high and the cantilever members 42A-42L are 70 thousandths 
of an inch thick, the thickness of the cantilever members 42A-42L and height of the detents 
38A-38L are selected to permit an adequate grip. 

In this embodiment, the outlet end 16 is a snap-in place end and the inlet end 14 is 
molded integrally with the tubular column body 1 2. The column body 1 2, while cylindrical 
in the embodiment of FIG. 1 may have any cross-sectional shape suitable for 
chromatography and either the inlet end or the outlet end may be snapped on or both may 
be snapped on although it is economical to have one side molded and the other side open 
for convenient filling in one side and closing with a snap-on cover or other easily sealable 
cover. 

In FIG. 2, there is shown an exploded perspective view of the column 10 having the 
outlet port 56, the snap-on cantilever assembly 20, outlet channels 24A-24H in cylindrical 
end plate or closure 26, and first and second filters 28 and 30. The filter 30 is mounted 
at the inlet end 14 and the filter 28 at the outlet end 16. They may be any conventional 
material but in the preferred embodiment are formed as a disk from powdered plastic so 



as to be porous to the fluids in the mobile phase of the chromatographic process being 
used but able to block passage of packing material 58 from passing through them into the 
ports. The outlet channels 24A-24H are formed in the end plate or closure 26 and have 
a semicircular cross section opening onto the packing material 58 within the column body 
12 to aid in distributing the eluent from the cross section of the packing material 58 in the 
column body 12 to the outlet port 56. 

The column body 12 is tapered slightly for ease in ejection of a mold during 
formation but has a straight portion 36 with the detents 38A-38L positioned to engage 
corresponding ones of a plurality of cantilever members 42A-42L at the outlet end 16 of 
the column 10. The radially-extending circumferentially-spaced detents 38A-38L are ramp 
shaped and mounted at the outer surface of the straight portion 36 of the column body 12 
with the end nearest to the snap-on cantilever assembly 20 being lowest and sloping 
upwardly until they reach the top to aid in receiving the snap-fit cantilever assembly 20 and 
then falling sharply to provide a catching and holding surface to hold the cantilever 
assembly 20 at a location permitting an interference fit as will be described in greater detail 
below. The slope of the detents 38A-38L is selected to permit bending of the cantilever 
members 42A-42L without buckling. 

In the preferred embodiment, the slope is 20 degrees but may be between 5 and 
45 degrees depending on the distance of travel desired before the cantilever members 
42A-42L snap in place. The guideposts 39A, 39B and 39C have a steeply rising surface 
aligned with the low end of the ramp-shaped detents 38A-38L in the same circular cross 
section and are at least as high as the high end of the detents 38A-38L so they prevent 



movement of the cantilever assembly 20 onto the column body 1 2 unless the guide posts 
39A-39F are positioned between cantilever members 42A-42L. With the guide posts 39A- 
39L positioned between cantilever members 42A-42L and inter-dispersed with the detents 
38A-38L, the guide posts serve as guides to position the cantilever members 42A-42L with 
respect to the detents 38A-38L so the detents lift the cantilevers radially outwardly as the 
cantilever assembly 20 is moved on to the column body 12 until the cantilever members 
42A-42L engage the end of the detents 38A-38L to hold the cantilever assembly 20 in 
place with an interference fit sealing the column body 1 2 of the column 1 0 to the cantilever 
assembly 20. 

The outlet port 56 is formed integrally with the cantilever assembly 20. To provide 
an end seal, the end plate 26 of the cantilever assembly 20 includes a flat cylindrical torus 
ending in an integrally formed outlet port 56 and perpendicular to the londitudinal axis of 
the column body 12. At it circumferential end it rises in a direction substantially parallel to 
the walls of the column body 12 as a ring , curves and connects to the integrally formed 
cantilever members 42A-42L extending in the opposite direction. The rising walls have a 
sloped portion (not shown in FIG. 2) cooperates with the tapered rim 49 of the walls of the 
column body 12 to form an interference fit. 

To collect fluid from the cross-section of the packing material 58 while preserving 
the integrity of the bands of migrating species, the snap cantilever assembly 20 includes 
a plurality of outlet channels 24A-24H which receive fluid from locations in the column body 
12 of the column 10 and channel it to the outlet port 56. These channels are integrally 
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formed with the end plate 26 and open inwardly toward the packing material 58 in the 
interior of the column body 12. 

Circumferentially surrounding the end plate or closure 26 and integrally formed with 
it is a sealing surface 37 (not shown in FIG. 2, see FIG. 6) extending substantially in the 
direction of the walls of the column body 12 and positioned to cooperate with the edge of 
the walls of the column body 1 2 to form a seal thereagainst. The cantilever members 42A- 
42L depend from the sealing surface 37 in the opposite direction so as to extend toward 
the detents 38A-38L, with each of the cantilever members 42A-42L having a central 
opening 44A-44L (44A, 44B and 44L shown here) and being separated from the others 
by corresponding cantilever longitudinal spaces 46A-46L (46A being shown here) forming 
U-shaped cantilever members 42A-42L each of which may be bent outwardly from the 
walls of the column body 12 by a corresponding one of the ramp-shaped detents 38A^38L 
in a manner to be described hereunder and receive the corresponding detent in the 
corresponding one of the openings 44A-44L 

With this arrangement, the filters 28 and 30 contain between them the packing 
material 58 (FIG. 3) and are between the molded inlet end 14 and snap-on outlet end 16 
for the column body 12 of the column 10. The cantilever assembly 20 is forced linearly and 
axially onto the column body 1 2 with the cantilever members 42A-42L being bent outwardly 
by the ramp shaped detents 38A-38L and snapping over the detents 38A-38L to tightly pull 
the edge of the walls of the column body 12 so that the rim 49 near the edge is in an 
engaging position with a wall portion or sealing surface 37of the cantilever assembly 20 
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and thus to form a fluid tight seal between the tubular walls of the column body 12 and the 
cantilever assembly 20. 

In the preferred embodiment, 12 cantilever member 42A-42L are used. However, 
the number of cantilever levers is chosen to be sufficient to avoid stress that will result in 
premature failure before the end of the useful life of the column. Stress on the cantilever 
at the point of holding and at the base is inversely proportionate to the number of cantilever 
members since the pressure will be evenly distributed around the periphery during a 
chromatographic run. The shear strain on the cantilever members 42A-42L at the ends 
of the detents 38A-38L and the tensile strain on the cantilever side portions multiplied by 
the length of the side portions must be low enough not to reduce the pressure at the 
interference fit between the tapered rim of the walls of the body 12 and the sloped portion 
of the end plate 26 to permit leakage when the column is under pressure. 

The moment of inertia and flexural modules of the cantilever members must be low 
enough so that the cantilever assembly can be moved up the detent without excessive 
force and high enough to snap over the detent's peak and remain in place. The number 
of cantilever members (42A-42L in the preferred embodiment) and the size of the openings 
(44A-44L in the preferred embodiment) are selected to keep the stress below a value that 
causes premature failure or excessive elongation. In the preferred embodiment the 
material of the column body and the snap-fittings is polypropylene although many other 
materials can be used such as for example polyethylene or even metals since the choice 
of the material is based on cost. While in the preferred embodiment, the column is made 
of one material, different materials may be utilized, particularly to increase the rated 
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pressure of a disposable column by incorporating parts of stronger plastic or metal 
reinforcing such as a reinforcing sleeve about the column body 12. 

In FIG. 3 there is shown a longitudinal sectional view of a column 10 having a 
column body 12 with guide posts 39A-39F and detents 38A-38L (39A and 38A and 38F 
being shown in FIG. 3). As shown in this view, the inlet port 22 is integrally formed with its 
end piece and the body wall 12. The filter 30 (FIG. 2) is positioned at this end and held in 
place by the packing material 58, shown in fragmentary form in FIG. 3 but actually filling 
the column body 12 between the filters 28 and 30 (FIG. 2). The filter disc 30 prevents the 
packing material 58 from passing through the inlet port 22. 

The column body 12 is molded of polypropylene manufactured by AMOCO and 
available from Polymerland Inc., Suite 150, 12200 Hebert Wayne Ct., Huntersville, NC 
28078, as PP8439. However many other inexpensive materials may be used. In the 
preferred embodiment, one plastic is used for the entire column and the columns are 
intended for use at operating pressures of between gravity and 200 psi but a composite 
body such as with a strong sheath on the outside of the plastic body may extend operating 
pressures to 500 psi in a composite embodiment. 

A tapered rim 49 is shown on the inner wall at the edge of the column body 12. This 
rim matches a surface on the cantilever assembly 20 and is tapered downwardly to the 
edge of the walls of the column body 12 so that as the cantilever assembly 20 is pressed 
onto the column body 12, the fit becomes increasingly tight until an interference fit is 
formed between the walls of the column body 12 and the cantilever assembly 20. The 
distance that the cantilever assembly must move onto the walls of the column body 12 is 
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determined experimentally for each design of column and governs the amount and the 
length of the taper in conjunction with the location of the detents 38A-38L and the openings 
44A-44L in the cantilever members 42A-42L to make a leak proof interference fit. In the 
preferred embodiment, the taper is 80 degrees from the plane of a perpendicular to the 
longitudinal axis of the body and there is mating 80 degree slope on the mating wall of the 
cantilever assembly 20. The total angle of the slope affecting the tightness of fit should be 
a value of between 5 degrees and 35 degrees in accordance the operating pressure. 

Two of the inlet channels 18A and 18E of the channels 18A-18H are shown in this 
sectional view. As shown in this view, an outlet end 16 is open and available for inserting 
the packing material 58 prior to being closed by the snap-on cantilever assembly 20 to 
hold the packing material 58 and the filters 28 and 30 in place. The filter 28 (FIG. 2) 
prevents the packing material 58 from being carried into the outlet port 56 and affecting the 
system. 

In FIG. 4, there is shown an elevational view of the column 10 with portions broken 
away to illustrate the inlet and outlet ends 1 4 and 1 6 respectively. As shown in this figure, 
the filter 28 is mounted against the end of the column body 12 to block packing material 
58 from passing into the inlet port 22. A thread 54 is provided for connection to the female 
lure so as to communicate with a pump and sample injector for chromatography. The 
columns may be connected in some embodiments to the chromatograph with spring biased 
connections not requiring high torque turning such as by wrenches to connect the column. 

At the outlet end 16, the walls of the column body 12 are tapered. There is shown 
the tapered rim 49 of the walls of the column body 12 pressed against the tapered walls 

-14- 



37(FIG. 7) of the end plate 26 of the snap-on cantilever assembly 20 forming a tight 
wedge-like seal when the snap-on cantilever assembly 20 is pulled tight to form a fluid tight 
seal. As shown in this view, the detent 38A holds the snap-on cantilever assembly 20 on 
tightly by fitting within the opening 44A within the cantilever member 42A. 

The inlet and outlet ports 22 and 56 respectively conform to ISO (International 
Organization for Standardization) 594/1 and 594/2 for 6 percent taper conical fittings but 
the particular type of fitting is not part of the invention and any suitable inlet and outlet ports 
may be used. The simple lock fittings were chosen for convenience in attaching and 
removing the disposable columns by hand. 

In FIG. 5, there is shown a perspective view of the cantilever assembly 20 having 
the cantilever members 42A-42L, each separated by spaces between each cantilever 
member and central openings 44A-44L (42A-42D being shown). The spaces between 
cantilever members 42A-42L are picked to reduce bending strain on the bending of the 
cantilever members 42A-42L consistent with even pressure between the tapered edge of 
the walls of the column body 12 and the tapered portion of the end plate 26. The central 
openings 44A -44L are selected in size to keep tensile pressure sufficiently low to prevent 
failure while reducing bending pressure on the end plate 26. The central outlet port 56 
communicates with outlet channels 24A-24H to receive the eluent from the cross-section 
of the filter 30 and transfer it to the outlet port 56. 

In FIG. 6, there is shown a cross-sectional view of the snap-on assembly 20 of FIG. 
5 showing the cantilever members 42A-42L (42A-42D being shown here) arranged to 
receive the low end of the ramped detents 38A-38L and be pried outwardly as the walls 
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of the column body 12 (FIG. 4) moves into the cantilever assembly 20 until the ramped 
detent fits within the corresponding ones of the openings 44A-44L (44A-44D being shown) 
to hold the cantilever assembly 20 in sealing relationship with the column body 12. As 
shown in this view, an angled portion in the cantilever members 42A-42D provides a 
surface 37 (FIG. 7) for receiving the tapered rim 49 of the end of the walls of the column 
body 12 (FIG. 4) to form an interference fit to seal the column 10 except for the inlet and 
outlet ports 14 and 16 respectively. 

In FIG. 7, there is shown a fragmentary, enlarged sectional view of a portion of the 
outlet end 1 6 showing the interference fit between the snap-on cantilever assembly 20 and 
the body wall 1 2. As shown in this figure , cantilevers 42A is locked onto a detent 38A with 
the tapered rim 49 of the wall 12 engaging the sloping portion 37 of the wall of the end 
plate 26 with an interference fit adequate to prevent escape of fluids under the design 
pressure. The end plate 26 also has a circular ring 110 with a pointed end extending 
downwardly and contacting the filter 28 to serve as a secondary seal to prevent leakage 
of any packing material that may pass through the filter. The ring 110 is large enough 
and located close enough to the filter 28 to press into it and form a seal against the 
passage of material particles. The filter 28 fits against the walls of the column body 12 
tightly enough to block the movement of packing material 58 around the filter 28 where it 
contacts the walls of the column body 1 2 but, if packing material 58 should be carried onto 
the outlet port side of the filter 28 because of a poor fit or deformity in the inner wall or in 
the filter, the ring 110 forms a sufficient seal to prevent the passage of the packing material 
58 into the outlet port 56. A similar ring provides a secondary seal at the inlet port. 
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In FIG. 8, there is shown a chromatographic system 70 having a source of 
chromatographic fluid under pressure 72, a source of sample, sample injector and 
disposable column with snap-on or welded end 74 and a collection and or analyzing 
section 76. The source of chromatographic fluid under pressure 72 supplies fluid to the 
disposable column 74 through a connection held in place by spring pressure so as not to 
require threaded connectors that must by tightened or loosened with tool such as 
wrenches. Sample injected into the column for analysis and/or collection. The eluent for 
the outlet is supplied to the collection and/or analyzing section for collection for preparatory 
mounts and analyzing of the liquids as it flows through. The injection and disposable 
column with snap-on or welded end 74 end is designed for high flow through rates and 
short elution times. The column is intended for one run after which a new column is used 
although it may last through several runs. 

In FIG. 9, there is shown a block diagram of a process 80 for forming the column 
used in the process of FIG. 7. As shown in this figure, the tubular column body 12 of the 
chromatic column 10 and one end with one of the inlet or outlet ports are molded as a unit 
as shown in step 82. After the body of the column has been molded, a filter is inserted into 
the column to rest against the port as shown in step 84. The filter is disk-shaped and has 
a diameter substantially the same as the inner diameter of the column to prevent packing 
material from passing through the inlet port and contaminating the system. The filter lies 
against the panels molded in the inlet side which channel fluid through the inlet port 
outwardly so as to more uniformly spread the solvent out across the packing material. The 
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packing material is generally in the form of beads of other particles that may be inserted 
and packed in place. 

When the filter is in place, the tube is filled with chromatographic packing material 
as shown in step 86 while the tube is inverted with its inlet port down. The packing material 
is packed uniformly. In the preferred embodiment, this is accomplished by agitating the 
filled, inverted column and adding packing material if the settled packing material originally 
inserted falls below the required volume. After being filled with uniform packing material, 
a second disk-shaped flat filter is place to hold the packing material in place so it does not 
move into the outlet port as shown in step 88. 

As an alternative to beads or other solid material, monomers may be polymerized 
in place. For example, a polymerization mixture may be polymerized in place with a 
porogen or solvent to form a polymer plug that has separation effective openings. In this 
specification, "separation-effective openings" means pores or channels or other openings 
that play a role in separation processes such as for example chromatography as described 
in United States patent applications 10/180,350 filed June 26, 2002 and 10/607,080 filed 
June 25, 2003, and assigned to the same assignee as this application, the disclosures of 
which are incorporated by reference. In packing the column with these polymers shrinkage 
during polymerization is compensated for and In another embodiment of this invention, 
swelling after polymerization, which might otherwise later result in shrinkage is avoided. 
Shrinkage results in enlarged voids on the polymer surface and may result in a lack of 
homogeneity of pore size distribution inside the polymer. In a first embodiment, the 
compensation for shrinkage is accomplished by applying sufficient pressure during 
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polymerization to create uniformity in the distribution of separation-effective openings and 
to avoid wall effect voids. This pressure has been found to also control particle size and 
the nature and shape of the openings in the plug to some extent. Maintaining the column 
at atmospheric pressure during polymerization to accommodate shrinkage does reliably 
prevent the formation of voids. The voids are removed when the plug stops shrinking 
when put under even modest amounts of pressure. In a second embodiment, shrinkage 
that otherwise would occur after polymerization is avoided. For example, some plugs tend 
to expand when exposed to some solutions such as organic solvent and then shrink later 
such as during a separating run in aqueous mobile phase, causing voids. In these 
embodiments, shrinkage is prevented by holding the column from shrinkage when exposed 
to the solutions. The application of pressure is one method of preventing shrinkage during 
exposure to the aqueous solutions. 

The polymerization mixture in some embodiments includes: (1 ) selected monomers; 
(2) for some types of columns, an additive; (3) an initiator or catalyst; and (4) a porogen or 
porogens to form separation-effective openings. In some embodiments function groups 
can be added before or after polymerization. The porogen, initiator, functional group to be 
added, additives, and reaction conditions and the monomer and/or polymer are selected 
for a specific type of column such as reverse phase, weak cation, strong cation, weak 
anion, strong anion columns, affinity support, normal phase, solid phase extraction and 
catalytic bed. The selection of components of the polymerization mixture is made to 
provide the desired quality of column. 
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• • . * * ' 

A chromatographic column in accordance with this invention preferably includes a 
casing having internal walls to receive a permeable monolithic polymeric plug in which the 
separation-effective openings or surface features are of a controlled size formed in the 
polymer by a porogen in the polymerization mixture and are controlled in size by pressure 
during polymerization. This plug serves as a support for a sample in chromatographic 
columns. The permeable monolithic polymeric plug has smooth walls with no visible 
discontinuity in the plug wall and substantially no discontinuity or opening within the plug. 
Discontinuity in this specification means a raised portion or opening or depression or other 
change from the normal smoothness or pattern sufficient in size to be visible with the 
unaided eye. In this specification, the term "size-compensated polymers" or "size- 
compensated polymeric" means monolithic polymeric permeable material having 
separation-effective openings in which discontinuities lack of homogeneity in the 
separation-effective openings have been prevented by the methods referred to in this 
specification such as for example applying pressure during polymerization or after 
polymerization during exposure to polar solutions in the case of some types of columns 
or by using a column that is prevented from further shrinkage in the presence of an 
aqueous solution by the application of pressure in the presence of the aqueous solution 
either during washing with an aqueous solution or during use in a separation operation 
using an aqueous solution. 

In making size-compensated polymers for use in separation systems, the 
characteristics for a given type of separation can be tailored with a given polymer to the 
application, by altering the amount of pressure applied during polymerization or and in the 
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case of some polymers such as used in forming reverse phase separation media applying 
pressure when used or when otherwise brought into contact with a polar solvent such as 
an aqueous solvent or washing fluid. After the nature of the polymer itself has been 
selected for a class of applications, columns can be made and tested. Based on the tests, 
the characteristics can be altered in some columns by applying pressure. It is believed that 
the application of pressure in some columns increases the uniformity of particle size and 
either because of the change in particle size of for other reasons, the size distribution and 
uniformity of separation effective openings throughout the polymer is increased. The 
increase in homogeniety of the particle size and pore size improves resolution. An 
increase in pressure generally improves capacity and resolution and the pressure-time 
gradient. It is believed that in some columns micropores are greatly reduced or eliminated 
thus reducing zone spreading by the application of pressure during polymerization and/or 
during use or washing of the polymer with polar solutions. 

Finally, as shown at step 90, the snap-on or welded "end 74 outlet end is snapped 
into place so as to provide an interference fit with the walls of the tube and be held with 
that interference fit by cantilever members and detents. The detents are molded onto the 
body of the column and the snap-on or welded end 74 outlet end has an outlet port with 
a ring sized to provide an interference fit with the walls. The detents are ramped shaped 
and the cantilever as they move against them are bent outwardly over the detents and 
snap over the opposite end at a location in which the ring and the body of the tube for a 
tight interference fit that will not leak even under the predetermined pressure for the column 
during operation. 
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In FIG. 10, there is shown a flow diagram of a process of chromatography utilizing 
the column 10 of FIG. 1 . As shown in FIG. 9, the column when assemble as described in 
FIG. 7 has solvent applied under pressure as shown at step 92. The solvent is distributed 
over the inlet end of the packing material by channels through which it flows and which 
have the side against the packing material open so that the fluid pressure flows the liquid 
across the filter and then from the filter down into the packing material as shown at step 
94. 

The solvent is pumped through the column at the selected flow rate for the 
chromatographic run as shown at step 96 and carries eluent to the bottom of the column 
where channels opening against the filter channel the fluid evenly to the outlet port so that 
fluid with a direct flow route through the packing material is flowed rapidly through the 
channels to the outlet port rather than through the slower radial path of the packing 
material as shown in step 98. The eluent is then collected and analyzed in a conventional 
manner as shown at 100. After a number of runs of between one and 10, but preferable 
1 run, the column is removed and disposed of as shown at step 102. They are 
constructed economically so as to render this possible. A new disposable column may 
then be connected for further chromatographic runs. Typically, runs with the disposable 
columns are competed in 30 minutes or less and flow rates are 100 milliliters per minute 
or less. Each run should be completed in 60 minutes or less and average flow rates should 
be between 25 ml. and 200 ml. per minute. 

In FIGS. 11 and 12 there are shown a side elevational view and a perspective 
exploded view respectively of another embodiment of column 1 0A substantially identical 
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to the embodiment 1 0 of FIGS. 1 and 2 except for the outlet end 1 6A of the embodiment 
of FIGS. 11 and 12 which differs from the outlet end 16 of the embodiment of FIGS. 1 and 
2 by omitting the snap connection and including a spin welded seal instead. The end plate 
26A includes radially extending ridges that permit griping to spin the end plate for purpose 
of a spin weld. The spin welded seal is intended to maintain its seal under larger forces 
such as would occur because of higher pressure in the column during use or lager size of 
the column. In the embodiments of FIGS. 11 and 12 the identical parts have the same 
reference numerals as in the embodiment of FIGS. 1 and 2 and changed parts are the 
same except the reference numeral is follow by the suffix A. 

From the above description, it can be understood that the method and apparatus 
of this invention has several advantages, such as: (1) it is economical in terms of its 
fabricating materials; (2) it is inexpensive to assemble; (3) it can be assembled readily in 
an automated process; and (4) it can be easily formed of relatively inexpensive materials. 

While a preferred embodiment of the invention has been described with some 
particularity, many modifications and variations in the invention are possible within the light 
of the above teaching. Therefore, it is to be understood, that within the scope of the 
pending claims, the invention may be practiced other than as specifically described. 
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